Background: Cucurbita spp. is a main source of crypto-xanthine, zeaxanthin lutein folates, and natural poly-phenolic flavonoid compounds. Collection and conservation of genetic variability are helpful in genetic advancement programs. Twenty-two pumpkin genotypes (21genotypes of Cucurbita pepo L. and one genotype of C. maxima L.) were collected from different regions of Saudi Arabia. Fifteen HFO-TAGhigh frequency oligonucleotide-targeting active gene markers were used to analyze genetic variability among 22 pumpkin genotypes. Results: A total of 107 alleles were detected by the 15 HFO-TAG markers, an average of 7.133 alleles per primer. Polymorphisms were found in 102 alleles, an average of 6.866 alleles per primer. The PIC values measured from all of the HFO-TAG markers were high, and ranged from 0.8940 to 0.7225, with an average 0.8212 per marker.
Background
Five types of pumpkins are cultivated in Cucurbita (Cucurbita pepo, Cucurbita moschata, Cucurbita maxima, Cucurbita mixta, and Cucurbita ficifolia) (Naik et al. 2015) . Cucurbita pepo L. is the generality economically essential species of (Cucurbitaceae). Cucurbita spp. are the main sources of crypto-xanthine, zeaxanthin lutein folates, and natural poly-phenolic flavonoid compounds including beta-carotenes, niacin, and vitamin B-6. Cucurbita spp. exhibit anti-carcinogenic and antidiabetic properties, and an antioxidant effect (Yadav et al. 2010) , and contain phosphorus, magnesium, and zinc (Mansour et al. 1993) . Seeds also contain unsaturated fatty acids (of dietary importance for a healthy heart) and high concentrations of calcium, iron, potassium, beta-carotene, and simple proteins.
Collection and conservation of genetic variability are helpful in genetic advancement programs. Genetic markers based on DNA such as random amplified polymorphic DNA (RAPD) were applied to examine the genetic difference in C. moschata in southern Africa and Korea (Youn and Chung, 1998; Gwanama et al. 2000; Baranek et al. 2000) . As molecular marker technology improved, it became a helpful technique to determine genetic differences which are stabilized and not strongly influenced by environmental factors of the plant to develop vegetable breeding programs (Paris et al. 2003; Wu et al. 2011; Gong et al. 2012; Kong et al. 2014) .
Presently, the use of molecular markers in genetic studies provides useful information for numerous biological aspects of genetic studies, including evolutionary aspects and relationships among organisms. The amplified fragment length polymorphism (AFLP) markers appear to be a helpful method to provide insights into the genetic diversity between landraces. These markers have been widely used for a quick study of genomic polymorphism, generate a number of reproducible experimental bands, and no previous data of the genome is required for their application (Vos et al. 1995; Montalvo Fernández et al. 2012 ). In addition, they have been used for phylogenetic and taxonomic studies and construction of interspecific maps with a great level of similarity with other molecular markers such as RFLP (restriction fragment length polymorphism), SSR (simple sequence repeat), RAPD, ISSR (inter simple sequence repeats), TRAP (target region amplification polymorphism), AFLP, and SRAP (sequence-related amplified polymorphic) (Florido et al. 2007) .
In a recent study (Levi et al. 2010) , the use of a new type of polymerase chain reaction (PCR) marker produced primers (high-frequency oligonucleotides-targeting active gene; HFO-TAG) representing oligonucleotides that exist in high frequency in the expressed sequence tag (EST) unigene of the watermelon fruit (Levi et al. 2006; Wechter et al. 2008) . These markers proved to be very useful and reproducible in the genetic mapping of watermelon (Levi et al. 2010) . The ability to amplify fragments from a cDNA library representing watermelon fruit to substantiate the possibility that the HFO-TAG primers were better suited than ISSR or RAPD primers to target active gene sequences was examined.
The HFO-TAG detected a broad genetic difference between Citrullus spp. and helped in determining the genetic variability of F1 hybrid rootstock lines for grafting Citrullus spp. (Levi et al. 2013) . Miladinović et al. (2016) reported that the HFO-TAG primers are more efficient than ISSR or RAPD primers in targeting active gene loci. In the current study, we used HFO-TAG markers to examine genetic variability among 21 Cucurbita pepo L. genotypes and one C. maxima L. genotype that were collected from different locations in some regions of Saudi Arabia.
Methods

Plant material
Twenty-two pumpkin genotypes (21 Cucurbita pepo L. and one C. maxima L.) were collected from different regions of Saudi Arabia. These germplasms were collected for the Vegetable Breeding and Improvement Program at the Plant Production Department, College of Food and Agricultural Sciences, King Saud University, Saudi Arabia (Table 1) . 
Isolation of DNA
A Wizard Genomic DNA purification Kit (Promega Corporation Biotechnology, Madison, WI, USA) was used for extracting DNA from the leaves of all pumpkin genotypes. The extracted DNA was treated with RNase and stored in a refrigerator at -20°C. The DNA quality was assessed using 0.8% agarose gel and an Epoch Multi-Volume Spectrophotometer (Biotek, Winooski, VT, USA). Before conducting the HFO-TAG analysis, the DNA was diluted to a concentration of 25 ng/μL.
PCR amplification and analysis using HFO-TAG markers
Fifteen HFO-TAG markers ( Table 2) were used as defined by Levi et al. (2010) . The PCR mixture (25 μl) comprised 20 to 50 ng of genomic DNA, 1× PCR buffer, 1.5 mM MgCl 2 , 0.1 mM dNTP, 0.5 μM of primers, and 1 U Taq polymerase. A PTC-200 thermocycler (MJ Research, Watertown, MA, USA) was used for the HFO-TAG primers amplifications, which were run for 40 cycles of 60 s at 94°C to denature the DNA, and 70 s for primer annealing at 45 and 48°C (as specified for each primer in Table 2 ). The amplified PCR products were applied to 3% (m/v) agarose gel containing 0.1 μg cm -3 ethidium in TBE buffer. After electrophoresis, a UV trans-illuminator was used to take a photograph of the gel. After excluding unreproducible bands, the HFO-TAG data were analyzed based on the presence (1) or absence (0) of a given marker.
Molecular marker data and genetic variability
A similarity matrix was estimated using HFO-TAG data according to Nei and Li, (1979) :
where, N ij is the number of bands present in both the ith and jth genotypes, N i is the number of bands present in the ith genotype, and N j is the number of bands present in the jth genotype. The similarity matrix was analyzed by the unweighted pair group method with the arithmetic average (UPGMA) clustering algorithm. A principal coordinate analysis (PCoA) was used as an alternative to hierarchical clustering where the similarity matrix was used to obtain the coordinates. These coordinates were then used to create scatter plots to represent the relationships among genotypes. Both UPGMA and PCoA were conducted using PAST version 1.62 (Hammer et al. 2001) . The reliability of the generated dendrogram was evaluated using 1000 simulations with PAUP version 4.0b10 (Swofford, 2001) . The polymorphic information content (PIC) was calculated according to Smith et al. (2000) as follows: 
where, fi is the frequency of the ith allele in the set of genotypes.
Results
Analysis of polymorphism of HFO-TAG markers
Only 15 of 20 HFO-TAG markers were amplified among the 22 pumpkin genotypes. A total of 107 alleles were detected by the 15 HFO-TAG markers, an average of 7.133 alleles per primer. Polymorphisms were found in 102 alleles, an average of 6.866 alleles per primer ( Table  2 ). The alleles amplified by the various primers were diverse (Fig. 1) . The PIC rate measured from all the HFO-TAG markers was high, and ranged from 0.894 to 0.722, with a mean of 0.821 per marker. These results indicate a high genetic diversity among genotypes. The number of amplified alleles per primer were positively correlated (r = 0.763), with the PIC values (Table 2) .
Cluster analysis based on HFO-TAG markers
Twenty-two pumpkin genotypes with 15 HFO-TAG markers were used for the evaluation of genetic diversity. Amplification polymorphism was found among the 22 pumpkin genotypes. A cluster analysis was performed using the similarity coefficients of the 107 scored alleles obtained from the HFO-TAG data (Table 2 ) and the 22 pumpkin genotypes were grouped into seven groups with similarity coefficients between 0.11 and 0.80. The maximum genetic similarity was found between genotypes 26 and 481 (0.80), which were collected from same the region of Al-Qaseem (Unaizah and Buraidah). The lowest similarity (0.11) was between three genotypes from the same region (Al-Qateef; genotypes 97, 688, and 870) and genotype 310 from the Al-Ahsa region ( Table 3 and Fig. 1) .
The seven groups were defined using bootstrap values. The first group with a bootstrap value of 44% comprised five genotypes containing two subgroups. The first subgroup had a bootstrap value of 41% and comprised one genotype (310), which was collected from the Al-Ahsa region. The second subgroup with a bootstrap value of 58% comprised four genotypes (206, 207, and 208 from the Riyadh region and 187 from the Al-Kharj region). The second group had a bootstrap value of 100% and comprised three genotypes (97, 668, and 870) which were collected from the same region (Al-Qateef). The third group had a bootstrap value of 37% and comprised one genotype (549) collected from the Hail region. The fourth group had a bootstrap value of 33% and comprised genotype 710 collected from the Al-Baha region. The fifth group had a bootstrap value of 48% and included three subgroups. The first subgroup had a bootstrap rate of 37% and comprised two genotypes (24 and 27) collected from the same region (Al-Zulfi). A second subgroup with a bootstrap value of 45% comprised two genotypes (220 and 235) collected from the same region (Al-Jauf). A third subgroup with a bootstrap value of 22% comprised one genotype (709), collected from the Al-Baha region. The sixth group had a bootstrap value of 33% and comprised four genotypes (26, 481, and 971 collected from the same region (Unaizah, Buraidah) and 1063 collected from the Hail region). The seventh group had a bootstrap value of 93% and comprised three genotypes (578, 580, and 379) collected from the north Saudi Arabia region (Rafha and Tabuk). In general, the 22 pumpkin genotypes were separated according to the collection regions.
PCoA-based HFO-TAG markers
The PCoA plotted the first three components, which explained 60.8% of the variance (Fig. 2) . Accessions in the PCoA scatter plot formed close groupings. The groups were basically the same as the cluster analysis groups. The genotypes were clustered into seven groups depending on the collection region.
Discussion
Analysis of polymorphism of HFO-TAG markers
The HFO-TAG markers generated polymorphic fragments (mean of 1.77 polymorphic alleles per primer) that were better when compared with RAPD and ISSR primers (means of 0.47 and 0.89 alleles per primer, respectively) (Levi et al. 2010) . Elshafei et al. (2011) using nine TRAP primers were found between 2 and 19 amplified alleles per primer. Additionally, a total of 65 alleles were generated by 19 SRAP markers of which 27.7% were not polymorphic. However, 72.3% were polymorphic within six Yucca spp. genotypes. A total of 65 alleles were found with 7.2 alleles per primer with 57 (87.7%) of these bands being polymorphic (Elshafei et al. 2011) . Solmaz et al. (2016) reported that the overall results displayed low genetic diversity within the Turkish watermelon genotypes in contrast with their high morphological diversity. Using 23 SSR markers of 1197 watermelon landraces, the PIC value ranged from 0.35 to 0.70, with an average of 0.49 (Zhang et al. 2016 ). ). Examining nineteen landraces of Cucurbita argyrosperma and 6 wild of sororia from Mexico, the levels of genetic diversity were similar for sororia and argyrosperma. Differentiation (FST) among populations within each subspecies ranged from 0.152 to 0.652, and the cluster analysis for argyrosperma were three genetic groups (Yucatan Peninsula, Northern Mexico, including Michoacan and Veracruz, and Pacific coast plus Durango) Sánchez-de la .
Cluster analysis based on HFO-TAG markers
The genetic similarity coefficients were estimated using the SSR and SRAP results. Cluster analysis and PCoA indicated that the germplasm of Citrullus lanatus var. lanatus collected from various areas of Turkey were closely related (Solmaz et al. 2016) . Using 14 RAPD primers, a total of 44 (84.1%) alleles were polymorphic among the pumpkin genotypes (Cucurbita pepo L.), (Méndez-López et al. 2018) . In this study, in general, the 22 pumpkin genotypes were separated according to the collection regions. The same results were reported by Barboza et al. (2012) using 3 SSCP primers (ITS1-ITS2 and tRNL-F) with 218 lines of Cucurbita moschata Duchesne which were collected from Mexico and other countries in Central America. The results indicated a high level of genetic variation. It was found that the number of haplotypes was independent of the geographical source of the accession, and haplotypes were distributed randomly throughout the study area. Mexico had the highest values of total genetic variation while Panama showed the lowest values (Barboza et al. 2012 ). The cluster analysis by AFLP exhibited an 89.4-99.4% similarity in the genome of all tested Cucurbita spp. genotypes from diverse locations (Moya-Hernández et al. 2018) . Elshafei et al. (2019b) found that genetic similarity among the faba bean genotypes ranged from 0.24 to 0.96. The cluster analysis of faba bean genotypes resulted in five main clusters generally based on the origin and genetic background. The dendrogram of genetic similarity produced five groupings; the genetic distance was very close to one, with a range of 0.657 and 0.977 (Méndez-López et al. 2018) . The genetic similarity among 15 rice genotypes ranged from 0.30 to 0.82. The cluster analysis of 15 rice genotypes was generally based on pedigree (Elshafei et al. 2019a ). The mean genetic distance values among Cucurbita species had a broad range, from 0.37 to 0.78. The mean genetic distance values among accessions within the same species were markedly lower than among species (Gong et al. 2013) . The sixteen genotypes of pumpkin of the two species (Cucurbita moschata and Cucurbita maxima) were collected from different localities from KSA. Similarity coefficient indicates between the studied genotypes of pumpkin in KSA ranged from 1.00 to 0.0 according to biochemical and molecular profiles. The cluster analysis of 16 pumpkin genotypes was separated into two groups. The first group includes Cucurbita maxima and the second group includes C. moschata, Abdein et al. (2018).
PCoA-based HFO-TAG markers
The (Barboza et al. 2012) . The PCoA of Cucurbita accessions collected from different geographic origins belonged to nine species of pumpkin divided into clusters according to species (Gong et al. 2013 ).
In the PCoA analysis using nine RAPD primers with 15 rice genotypes, the first five principal coordinates accounted for 87.6% of the total variation. Accessions in the PCoA scatter plot appeared to form a very close grouping in the dendrogram (Elshafei et al. 2019a) . The PCoA analysis of eight SRAP markers with 18 lines of faba bean, showed that the first three PCoA accounted for 63.8% of the total variation in accessions in the PCoA scatter plot, indicated by ellipses and numbered with A, B, C, D, and E, forms a super closed group in the dendrogram (Elshafei et al. 2019b ).
Conclusion
Successful breeding programs for any crop were to determine the degree of genetic variation for pumpkin genotypes. In this study, genetic differences have been identified for 22 genotypes of pumpkin ranging from 0.11 to 0.8 for genotypes were separated by analyzing cluster to 7 groups, according to geographic origins.
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